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3-Dimensional digitizer for skeletal analysis. 
(57) A method of performing 3-dimensional skeletal analysis 
on a patient using an apparatus which includes a digitizer 
(11) measuring the position of a point, or a group of points, 
on the patient's body in 3-dimensional space. The digitizer 
includes a plurality of rotatable transducers (13) and a 
plurality of link members (15) linking the rotatable transduc- 
ers. The free end of the digitizer (11) is adapted to accept a 
digitizer tip (17) and the output of the digitizer (11) is 
connected to a computer. 
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The invention relates to an apparatus for 
3-dimensional skeletal analysis. More specifically, 
the invention relates to such an apparatus which 
includes a 3-dimensional digitizer. 
5 The invention also relates to methods for 

analysis of skeletal balance for purposes of diagnoses, 
treatment and rehabilitation* 

Apparatus for skeletal analysis are known in 

10 the a ^t as illustrated in, for example, IK S. Patent 

2,324,672, Bierman et al, July 20, 1943, U. S. Patent 
2,532,915, Horner, December 5, 1950, U. S. Patent 
4,036,213, Gregory, July 19, 1977 and U. S. Patent 
4,492,236, Pile, January 8, 1985. 

15 The '672 patent uses an upstanding support 

column which measures the curvature of the spine with 
a bendable member 25 which traces the curvature of 
the spine as shown in Figures 3 and 5 of the patent. 
The apparatus is limited in that it measures only one 

20 parameter, namely, curvature of the spine, and it does 

so only along the single line of the spine. Finally, 
the apparatus in the '672 patent appears to provide 
only a two-dimensional measurement . 

The '915 patent uses an audible sound trar.5- 

25 mitter and audio receivers 2 0 and 11 disposed on either 

side of the vertebrae to determine whether the srir.e 
is running along a straight vertical line c;r \:hc:iher 
it is bent out of shape. The oatent uses a radar 
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restricted to a single parameter measurement, that is, 
measurement of curvature of the spine. In addition, it 
also provides only a two-dimensional measurement. 

The * 213 patent, which also uses a vertically 
extending column, carries a sliding probe 52 to deter- 
mine the position of vertebrae in a human patient. 
The positions of the vertebrae are determined relative 
to one another. This apparatus also does not permit 
3 three-dimensional scans. 

r 

The f 236 patent relates to an apparatus for 

balancing skeletal alignment. The apparatus reguires 

a very complex alignment procedure. 

It is therefore an object of the invention 

5 to provide an apparatus which overcomes the disadvan- 

tages of the prior art. 

It is a further object of the invention "to 
provide an apparatus which permits 3-dimensional measure- 
ments. it is a st±11 f urt her object of the 
invention to provide methods for analysis of skeletal 
balance using the inventive apparatus. 

In accordance with the invention , there is 
orovided a method of performing 3 -dimensional skeletal 
analysis on a patient using an apparatus which includes 
digitizer means, the digitizer means being adapted to 
accept either a scanning digitizer tip or a point 
cicirizer rip. The method includes the steps of plac- 
ing the patient in a variety of positions relevant to 
30 musculoskeletal problems and performing a series of 
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rolling scans, with the scanning digitizer tip, and 
single point landmark digitizations of musculoskeletal 
landmarks, with the point digitizer tip to obtain 3- 
dimensional skeletal data. The data is analyzed in 
5 order to provide clincially relevant 3-dimensional 

information relating to musculoskeletal quantities 
and imbalances . 

From a different aspect, there is provided 
10 an apparatus for performing 3-dimensional skeletal 

analysis on a patient. The apparatus includes an up- 
right column support and a retractable column support 
means movable along the support column for supporting 
the patient. Digitizer means measure the position of 
a point, or a group of points, on the patient's body 
in 3-dimensional space. The digitizer means include 
a plurality of rotatable transducers and a plurality 
of link members linking the rotatable transducers. 
The digitizer means are connected at one end to the 
20 support column and having a free end. The free end 

of the digitizer means is adapted to accept a digitizer 
tip. The apparatus also includes computer means and 
means connecting the output of the digitizer means to 
the computer means whereby to provide data to the com- 
25 puter means for computing the position of the point 

or group of points on the patient's body in 3- 

dimensional space . 

The invention will be better underr.tooc by 

an examination of the following description, together 

\ 30 with the accompanying drawings, in which: 
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FIGURE 1 is a view of the apparatus 0 244274 

with a patient shown in standing 
position; 

FIGURE 1A is a level adjusting clamp; 
FIGURE 2 is a top view with a patient shown 

in a different position than in 

Figure 1 ; 

FIGURE 3 illustrates a single point digitizer; 
and 

FIGURE 4 illustrates a rolling wheel digitizer. 

Referring to Figure 1, the apparatus includes 



a support column 1 insertable into floor stand 2 which 
is, in turn, mounted on a base 3. A retractable support 
5 is mounted for sliding on the support column by a 
15 sliding clamping block 7. One end of the retractable 
support has a curved support 9 which can be rotated 
and consists of a curved padded body so that it can 
be aligned with various portions of the body depending 
on the application required. The retractable support 
2o 5 eliminates the general swaying that occurs during 
the postural analysis and enhances the ultimate 
accuracy of the measurement. The support can travel 
vertically along the support column through appropriate 
manipulation of the sliding clamping block. 
25 Included on the floor stand is a means 10 

for settling the vertical column in its correct vertical 
crier.tatio?. , i.e., a spirit level. The vertical orient- 
ation is adjustable by adjustment means 12 on the base 2. 
The vertical column is removable from the 



30 



floor stand 2 for mounting on a tree stand or on a 
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table edge. Level adjusting clamp 14 (see Figure 1A) 
including spirit level 16, can be used to mount the 
vertical column on a table edge* 

The apparatus also includes a 3-dimensional 

5 digitizer 11 which includes a plurality of rotational 

transducers 13 linked together by link members 15. 
A digitizer tip 17 is placed at the free end of the 
3-dimensional digitizer. The 3-dimensional digitizer 
is a six-degree of freedom device capable of measuring 

10 the position of a point or group of points in 3- 

dimensional space through the use of the link members 
connecting the rotational transducers, that is, trans- 
ducers capable of measuring rotation. The 3-dimensional 
digitizer is more fully described in my U. S. Patent 

15 4 , 549 , 555, the contents of which are incorporated 

herein by reference. 

The digitizer is also mounted on the support 

column 1 by means of a sliding clamp block 18 thereby 

the digitizer can be moved vertically up and down along 

20 th e support column. Output from the digitizer is fed 

to a microcomputer 19. A program for driving the 

microcomputer is also described in my U. S. Patent 

4,549,555. 

A variety of digitizer tips are available 
25 for various digitization requirements as illustrated 
in Figures 3 and 4. Figure 3 illustrates a single 
point digitizer rip at 23. The digitizer rip includes 
a mounting Ljock 2 1 , by v;hich the digitizer rip is 
mounted on rhe 3-cimensional digitizer . Extending 
30 from rhe mounting block is a wand-like member 26. 
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The free end 27 of the member 26 consists of a round 
tip of uniform diameter which is used to isolate the 

landmarkS * Figure 4 illustrates a rolling wheel digitizer 

tip 29 which is mounted on the 3-dimensional digitizer 

by mounting block 31. It includes two rolling wheels 

33. The rolling digitizer is mounted on the mounting 

block by frictional mounting so that the direction of 

rotation and the attitude of the rolling wheels can be 

adjusted. This tip is used for continuous scanning of 

points for the purpose of establishing contours of, 

for example, the spine and rib cage. 

In operation, the patient 23 stands close to 

the vertical support with his side (as in Figure 2) or 

'back (as in Figure 1) towards the device in order to 

permit access to' both the front and the back of the 

patient by the linkage system of the 3-dimensional 

digitizer 11. 

When the information from the 3-dimensional 

digitizer 11 is fed to the microcomputer 19, the data 
from the 3-dimensional digitizer is analyzed and is 
represented in a 3-dimensional co-ordinate system or 
in 3-dimensional co-ordinate systems for the purposes 
of performing clinical analysis. 

The clinical technician may be prompted by the 
microcomputer through the use of the voice synthesizer 
which instructs the technician to place the digitizer 
tics on various skeletal landmarks in order ro pro- 
vide trie aevice with proper co-crcir.a;es -co generate 
a skeletal balance analysis. The software for the 
microcomputer is menu-driven and will provide a 
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iety^cf analyses relating to vHFious physiological 
problems. 

Data attained subsequent to the automatic 
prompts is then analysed by the microcomputer to pro- 
vide the planes and angles of rotation, rMdii of curv- 
ature and variety of lengths required to determine the 

degree of structural imbalance of the patient. 

The 3-dimensional digitizer has been 

designed to permit the use of a sterile sleeve which 
allows the device to be used in a surgical environ- 
ment. For this purpose, the digitizer tips are 
removable and sterilizable using conventional auto 
claving techniques. The small foot print and portable 
microcomputer provide an ideal structure for the 
application in an already cramped surgical environ- 
ment. In this particular application software 
routines are chosen from the menu which provides 
assistance in the orientation of total joint replace- 
ment prostheses as well as other varied 3- 
dimensional directional requirements of advanced 

orthopedic surgery, among others. 

In accordance with the invention, the 

following methods are used, with the inventive 
apparatus, for skeletal analysis and balancing: 

SCOLIOTIC SCANNING 

In order to permit rapid accurate assessment 

of scoliosis in a school or clinic environment ana 

by a lay person or school nurse, a series of progressive 

screening go/nc go high-speed tests are provided. The 

series of tests are of increasing sophistication and 

letail ultimately resulting in an accurate referral 
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report, and comprise the following tests: 

1 . Rib hump scan 

2 . Vertebral scan 

3. Lower extremity measurement. 

Minimum requirements (deviations from the 
norm) must be reached at each stage in order to proceed 
to the next stage. Thus, if the mininum requirements 
or deviations are not reached in the rib hump scan, 
then it can be assumed that the patient is not 
afflicted by scoliosis, so that the remainder of the 
tests need not be performed. If the patient shows 
signs of scoliosis after all three tests, a print-out 
can be provided for the physician of referral . 

1 . For the rib hump scan the patient is bent 
forward at the hips by approximately 90° and three hori- 
zontal scans are performed. These scans would be per- 
formed with the rolling digitizer illustrated in Figure 
4. The horizontal rolling scans would be performed at 
the level of the center of the thoracic spine, then 
at the level of the thoracolumbar spine, and finally 
at the center of the lumbar spine. The scans provide 
a vertical profile of the trunk. The analysis involves 
the joining of the points of maximum deformity on the 
medial and lateral side in order to measure the angle 
of that line with the horizontal and therefore an 
angle of trunk rotation. h minimum of five degrees 
of trunk rotation at any level results in a recommend- 
ation of referral and the continuation to tne next level 
of testing. 
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2/ The vertebral scan.- is performed with the 
patient in the upright position. Once again, the 
rolling digitizer of Figure 4 is used. The scan is 
started on the base of the skull and proceeds to the 
lumbosacral joint* Graphic output is provided in the 
final report with only Cobb angles presented for the 
neutral upright position. A Cobb angle of greater than 
twenty degrees is considered positive and leads to the 
next test. 

3. The lower extremity measurement is also 

conducted with the patient in the upright position. 

In these measurements, the single point tip digitizer 

23 of Figure 3 is used. A number of isolated boney 

landmarks are digitized in order to quantify lower 

extremity contributions to the condition. These 

include pelvic rotation in two planes, leg length 

and apparent leg length .in -the upright position, 

digitization of the anterior and posterior superior 

illiac crests and of the Tnp.lleoli . 
GENERALIZED MEASUREMENT PROCEDURES 

The generalized measurement procedures are 

used for documentation of scoliotic development 

principally used in the evaluation of treatment and 

rehabilitation. They consist of the following: 

1. 3-D Back profile 

2. Vertebral curvature analysis. 

3. Lower extremity alignment. 

1. The 3-D back profile is performed in the 

upright position and consists of a series of horizontal 

scans, usually ten, two-wheeled with diqitizer 29, from 
the base of ..the cervical spine to the lumbosacral joints. 
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lines the vertical posilRn of the 
next horizontal scan and informs the user of correct 
positioning- Topographical views are created including 
back, side and top views, providing topological data 
along three vertical lines along the vertebrae and 
along two lines approximately four inches right and 
left of this line and parallel to it. The highest 
point on any slice is indicated and the millimeters 
deviation from a standard upright line connecting the 
lumbosacral joint and the base of the skull is presented, 

2. The vertebral curvature analysis is an 
analysis of the curvature of the spine and is made in 
three modes: upright, right leaning and left leaning. 
The intention of this measurement is to ascertain 
regions of the spine which remain flexible and those 
that have locked into a specific curvature. The 
two-wheeled digitizer tip 29 is used. in this analysis 
and is tracked from the base of the skull to the 
20 lumbosacral joint in each of the three positions. 

The computer uses standard anatomical proportions to 
specify thoracic, thoracolumbar and lumbar regions. 
A two view graphic output is presented showing the 
Cobb angle for each of the three positions as well as 
25 providing assessments in millimeters of radii of 

curvature c: kvohosis and lordosis. 
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3. A series of digitizations and scans are 
performed with two-wheeled digitizer tip 29 , and with 
the patient in the upright position , from the pelvis 
down to the malleoli in order to determine the relative 
parameters such as leg length, physiological varus 
and valgus as well as other parameters which may 
affect upper body postyre. 
POSTURAL ANALYSIS 

This group of routines is designed to permit 
the generalized assessment of postural faults for both 
the entire body and various important segments which 
contribute to the overall postural alignment. Rolling 
15 point scans are performed to determine general body 

form and posture followed by a series of landmark 
digitizations to establish plumb line alignment. The 
routines comprise the following: 

1. Horizontal scans. 

2. Vertical scans. 

3. Specific landmark digitizations. 
1. Three horizontal scans are taken as 

follows : 

a. At the level of Tl to the top of the thoracic 
vertebrae . 

b. Mid thoracic spine, approximately T7 to T8. 

c. At the level of Ll to the top of the lumbar 
30 spine. 

The two-wheel digitizer t.ip 29 ir us for 
-hose routines. 

2. Trie tv;o-vheel digitizer rip 29 is also 



used in performing five vertical scans as follows: 

4 
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a. Inside and along the right send left legs. 

b. Outside right and left sides extending 
from under the earlobe to the lateral 
malleoli. 

c. Posterior base of the skull down to the 
lumbosacral joint. 

d. Four inches to the right and left of the 
last scan (3). 

e. Anterior and posterior of both legs com- 
prised of a line joining the anterior 
superior pelvic crest to the toes, and 
the posterior gluteal crease to the base 
of the heel. 



3. With the patient in the upright position, 
and using the single point digitizer 23 of Figure 
3, the following landmark digitization measurements 
are taken: 

a. Medial and lateral malleoli 
2o b. Medial and lateral knee joint line. 

c. Posterior pelvic crest right and left. 

d. Anterior superior illiac crests, right 
and left. 

e. Right and left greater trochanter. 
25 f. Right and left earlobe. 

c. Medial and lateral edge of patella on 

right and left leg. 

. Chin center and superior aspect of the 

bridge of the nose. 

30 i. Inside and outside edge cf the foot/floor 

contact, right and left. 
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The postural analysis routines provide a 
tabular and graphical output describing plumb line 
segmental alignment, radii of kyphosis and lordosis, 
leg length, etc. This output can be used for the 
5 assessment of general postural progress and treatment 

as well as diagnosis and treatment selection. 

In the preceding discussion, the digitizer 
tips were described as instruments for measuring 
10 position parameters. However, the digitizer tips can 

be modified to measure other parameters, for example, 
temperature or stiffness, as well. 

For example, the wand-like member 26 of the 
15 digitizer tip 23 in Figure 3 can comprise a temperature 

probe having a temperature transducer at the free end 
27 thereof* Using such a temperature probe, it is 
then possible to scan temperature gradients in a 3- 
dimensional space and to map them graphically. This 
2o capability has . applications in many -areas other than - 
medicine, however, in the present application, the 
capability can- be used to measure localized temper- 
ature variations about a sore joint to thereby deter- 
mine the exact site of the injury. 

25 

The wand-like member 26 can also comprise 
a stiffness probe. In this case, the free end 27 
of the wand-like member 26 would comprise a force 
transducer to give the digitizer tip the capability 
30 of measuring stiffness in a variety of loceiions in 

2-dimensional space. For example, the application 

of a force to various vertebra of the spine using the 
-orce transducer qives the caoability of deter- 
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5, that is, the deformaO^n with 



force, at various locations of the spine to thereby 

produce a 3-dimensional picture of spine stiffness. 

Although only temperature and stitfness 

• probes have been above-discussed, it will be appre- 

ciated that, by placement of different transducers, 
various parameters can be assessed within a 3- 
dimensional space and thereby graphically represented 
for analysis. As will be clear to one skilled in the 

10 art, the transducers will be connected to the micro- 

processor by leads extending through the probe and 
through the digitizer elements. Such electrical 
connections are well known to one skilled in the art 
and require no further description at this time. 

15 

The electrical signals carried by the leads 
from the transducers are analyzed in conjunction with 
the electrogoniometer signals by the microprocessor 
and processed using -appropriate software. In this 
20 regard, the only additional software which would have 

to be provided would be software for transforming the 
electrical signals to parameter values (i.e., trans- 
forming electrical signals to temperature or stiffness 
values). Software is already provided for determining 
25 the position in 3-dimensional space of the probe tips. 

Although specific embodiments have been 
above-described, this was for the purpose of illustrat- 
ing, but not limiting, the invention. Various modifi- 
cations, which will ccme. readily to the rr.ind of one 
30 skilled in the art, are within the scope of the inven- 

tion as defined in the appended claims. 
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CLAIMS 

1. A method of performing 3-dimensional skeletal 
analysis on a patient using an apparatus which includes 
digitizer means , said digitizer means being adapted 
to accept either a scanning digitizer tip or a point 
digitizer tip, said method comprising the steps of: 

(A) placing the patient in a variety of positions 
relevant to musculoskeletal problems; 

(B) performing a series of rolling scans, with said 
scanning digitizer tip, and single point landmark digi- 
tizations of musculoskeletal landmarks, with said point 
digitizer tip to obtain 3-dimensional skeletal data; 

(C) analyzing said data in order to provide clinic- 
ally relevant 3-dimensional information relating to 
musculoskeletal quantities and imbalances. 

2. A method as defined in claim 1 wherein said 
apparatus comprises computer "means ; 

wherein said data is analyzed using said 
computer means. 

3. a method as defined in claim 2 wherein said 
variety of positions comprises a first position, a second 
position and a third position; 

and wherein said series of rolling scans com- 
prises a first rolling scan and a second rolling scan; 
and comprising the steps of: 
1. placing said patient in said first position 
and performing said first series of rolling scans on 
the patient using said scanning digitizer tip; 
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2. placing the patient in said second position 
and performing said second series of rolling scans 
using said scanning digitizer tip; and 
5 3. placing said patient in said third position and 

performing said series of single point landmark digitiz- 
ations using said point digitizer tip. 

4. A method as defined in claim 3 for performing 

scoliotic scanning and comprising the steps of: 

lO 1. performing a rib hump scan wherein, in said 

first position , said patient is bent forward at the hips 
by approximately 90°, and said first series of rolling 
scans comprises three horizontal scans at the (1) level 
of the center of the thoracic spine, (2) at the level of 

15 the thoracolumbar spine, and (3) at the center of the 

lumbar spine? 

2. performing a vertebral scan wherein, in said 
second position, said patient is in an upright position, 
and wherein said second series of rolling scans comprises 

20 a scan starting on the base of the skull and proceeding 

to the lumbosacral joint whereby to provide only Cobb 

angles presented for the neutral upright position; and 

3. performing a lower extremity measurement 

wherein, in said third position, said patient is in 
25 the upright position and wherein said series of single 

point landmark digitizations comprise a number of iso- 
lated boney landmarks digitized in order to quantify 
lower extremity contributions to the conditions; said 
isolated boney landmarks comprising pelvic rotation in 
30 two planes, * leg length and apparent leg length in the 

upright position, and digitization of the anterior and 
posterior superior illiac crests and the malleoli. 
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5. a method as defined in claim 3 for performing 

generalized measurement procedures and comprising: 

1. performing a 3-dimensional back profile wherein, 
in said first position, said patient is in the upright 
position and wherein said first series of rolling scans 
comprises a series of up to ten horizontal scans from the 
base of the cervical spine to the lumbosacral joints; 

2. performing vertebral curvature analysis wherein 
said second position comprises three modes: upright, 
right leaning and left leaning, and wherein said second 
series of scans comprises a scan from the base of the 
skull to the lumbosacral joint in each of the three 
positions ; 

15 3. performing a lower extremity alignment wherein, 

in said third position, said patient is in an upright 
position, and wherein said series of single point land- 
mark digitizations comprise digitizations from the 
pelvis down to the malleoli, and further including 
rolling scans from the pelvis down to the malleoli, in 
order to determine- the relative parameter such as leg 
length, physiological varus and valgus, as well as other 
parameters which may affect upper body-posture. 



6 , A method as defined in claim 3 for performing 

postural analysis: 

1. performing horizontal scans wherein, in said 
first position, said patient is in an upright position, 
and said series of rolling scans comprises: 
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a. at the level of Tl to* the top of the thoracic 
vertebrae; 

b. mid thoracic spine, approximately T7 to T8; 

c. at the level of Ll to the top of the lumbar 
spine; 

2. performing vertical scans wherein, in said 
second position, said patient is in an upright position, 
and wherein said second series of rolling scans comprises; 

a. inside and along the right and left legs; 

b. outside right and left sides extending from 
under the earlobe to the lateral malleoli; 

c. posterior base of the skull down to the lumbo- 
sacral joint ; 

d. four inches to the right and left of the 
last scan ( 3 ) ; 

e. anterior and posterior of both legs comprised 
of a line joining the anterior superior pelvic 
crest to the toes, and the posterior gluteal 
crease to the base of the heel ; 

3. performing specific landmark digitizations 
wherein, in said third position, said patient is in 
an upright position, and wherein said series of single 
point landmark digitizations comprises: 

a. medial and lateral malleoli; 

b. medial and lateral knee joint line; 

c. posterior pelvic crest right and left; 

d. anterior and superior illiac crests, right and 
left; 

e. right and left greater trochanter; 
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f. ^Pight and left earlobe ; 

g. medial and lateral edge of patella on right 
and left leg ; 

h. chin center and superior aspect of the bridge 
5 of the nose ; 

i. inside and outside edge of the foot/floor 
contact, right and left ; 

whereby to provide a tabular and graphical output des- 
cribing plumb line segmental alignment, radii of kyphosis 

lO and lordosis and leg length. 

7 w An apparatus for performing 3-dimensional ske- 

letal analysis on a patient, comprising : 

an upright column support (1) ; 

15 retractable column support means (5) movable 

along said support column for supporting said patient ; 
and 

digitizer means (11) for measuring the position 
of a point, or a group of points, on the patient's body 
20 in 3-dimensional space ; 

said digitizer means (11) comprising : 

a plurality of rotatable transducers (13) ; 

a plurality of link members (15) linking said 
rotatable transducers ; 
25 said digitizer means being connected at one 

end to said support column and having a free end : 

said free end of said digitizer means r-ei.nri 
adapted to a — ept a digitizer tip ' 17> : 

computer means (19) ; 
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means connecting the --output of said digitizer 
means to said computer means whereby to provide data to 
said computer means for computing the position of said 
point or group of points on said patient's body in 
5 3— dimensional space. 

8. An apparatus as defined in claim 7 and further 

comprising a floor stand; 

said support column being insertable into 
said floor stand whereby said floor stand maintains said 
support column in an upright vertical position; 

base means; 

said floor stand being mountable on said base 

15 means ; and 

spirit level means for setting said support 
column in a predetermined vertical orientation. 

20 9* An apparatus as defined in claim 7 and further 

comprising level ad justing .clamp .means ; 

said support column being receivable in said 
level adjusting clamp; 

whereby said apparatus can be mounted on 
25 a table edge and adjusted to a predetermined vertical 

orientation . 

10. An apparatus as defined in claim 7 wherein said 

digitizer tip comprises a scanning digitizer tip. 



30 



11- An apparatus as defined in cl air?. 7 wherein said 

digitizer tip comprises a point digitizer tip. 
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12 . An apparatus as defined in claim 7 wherein said 

digitizer tip comprises a temperature probe including a 
temperature transducer. 

13< An apparatus as defined in claim 6 wherein said 

digitizer tip comprises a stiffness probe including a 
force transducer - 
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